In an emergency setting pelvic ultrasound is the tool of choice for the evaluation of the patients presenting with acute pelvic pain. It has a high sensitivity and specificity for detection of pelvic pathology, low cost, widespread availability and lack of ionizing radiation. This article presents a variety of case scenarios regarding the nonpregnant female of reproductive age presenting with acute pelvic and lower abdominal pain. By using illustrative images, the reader will be able to differentiate between the most common causes of abdominal and/or pelvic pain and identify typical B-mode and color Doppler ultrasound findings and CT images that require immediate treatment, while minimizing the performance of unnecessary additional imaging and invasive procedures.
INTRODUCTION
Acute pelvic and/or lower abdominal pain in nonpregnant women of reproductive age is an extremely common presentation to emergency departments, urgent care centers and outpatient office practices. Approximately 1.4 million gynecologic visits were made to emergency departments annually, for an average annual rate of 24.3 visits per 100 women between the ages 15 to 44 years. 1 Acute pelvic pain generally implies pain that is of less than 3 months duration in a toxic, ill appearing and unstable patient, or chronic pain that is worsening. 2, 3 When a female in the reproductive age presents with acute pelvic and/or lower abdominal pain, the first diagnoses to consider are those that are life threatening and would require urgent and/or emergent surgical intervention. 4 Because the differential diagnosis of acute pelvic pain in the nonpregnant female of reproductive age includes many different organ systems (i.e. gastrointestinal, gynecological, urological, vascular, etc.) a cost-effective and efficient strategy, such as ultrasound, needs to be employed. It is essential in the assessment of pelvic pain in women of reproductive age to initially exclude pregnancy via urine and/or serum hCG. The diagnosis of pelvic pain is a composite picture (history, physical examination and investigations). No single fact or observation elicits the diagnosis. When evaluating pelvic pain, as with any clinical presentation, it is important to ask about the onset, location, quality, severity, radiation, duration, aggravating and alleviating factors and any temporal changes of the pain overtime. In addition, one must ask about associated symptoms, such as nausea, vomiting, diarrhea, fever, flank pain, dysuria, hematuria, pyuria, frequency, urgency, vaginal bleeding and vaginal discharge. The medical history should focus on the patient's last menstrual period, age of onset of menarche, sexual history, history of sexually transmitted diseases and a complete obstetric history. The physical examination should concentrate on the vital signs, abdominal and pelvic examinations. Unfortunately, in many instances, there is variability of the physical examination (abdominal and pelvic) between examiners. There have been some studies conducted evaluating the validity and reliability of the pelvic examination. 5 Bimanual examination appears to be of limited value due to a discrepancy in the detection of adnexal masses on physical examination between attending physicians and residents. 6 Another study conducted in the emergency department setting showed poor interexaminer reliability. 7 When one considers the organs located in the pelvis and the abdominal cavity whose pain may be referred to the pelvis (i.e. the gall bladder, the appendix, cecum, ascending colon, transverse colon, descending colon, sigmoid, rectum, kidneys, ureter, bladder, uterus, ovaries and fallopian tubes), one has to consider that the diseases most likely originate from these organs. Given such a vast differential diagnosis, the key investigative tool for acute lower abdominal and pelvic pain is the ultrasound. [8] [9] [10] [11] [12] [13] [14] [15] In the emergency department setting ultrasound is the best initial imaging modality for evaluation of pelvic pathology due to its low cost, easy accessibility, widespread availability and lack of ionizing radiation. 16 Additional investigations include the following: • CBC: To detect an elevated leukocytosis (nonspecific).
• 
Case 3
A 30-year-old female (G1 P1001) presents to the emergency department with a sudden onset of right lower quadrant pain. The pain started after her usual morning exercise routine. There is no vaginal bleeding or discharge. She is currently sexually active, in a monogamous relationship with her husband and wants to become pregnant. Her last menstrual period was 3 weeks ago and was normal. Onset of menarche was at age 14, age of her first intercourse was 17 years, with no history of sexually transmitted diseases. She had a normal spontaneous vaginal delivery 3 years ago. She currently is not on any medications and discontinued her oral contraceptive pills 4 months ago. Her urine pregnancy test is negative. Her vital signs are normal. Her physical examination is significant for right lower quadrant tenderness, guarding and rebound. Her pelvic examination is significant for right adnexal tenderness, and no masses appreciated. The remainder of her examination is normal. Figure 3 illustrates her pelvic ultrasound results. 
Case 4
A 32-year-old female (G0P0) new to your practice presents to your office with a 1-week history of dull right-sided abdominal and pelvic pain. She has no other complaints. She is currently not sexually active. Onset of menarche was at age 14, age of first intercourse was 17 years, with no history of sexually transmitted diseases. Her last menstrual period was 10 days ago and she had greater than normal bleeding. She has a history of painful heavy periods. She was told that 'she may have an ovarian cyst' by her primary care physician 2 years ago but has had no workup. Her vital signs are blood pressure 120/80 mm Hg, pulse 105 beats per minute, respiratory rate 20 breaths per minute and temperature is normal. Her urine pregnancy test is negative. Her examination is significant for right costovertebral angle, right lower quadrant and suprapubic tenderness. Her pelvic examination is significant for blood in the cervical canal and right adnexal tenderness. Her pelvic ultrasound is seen in Figure 4 .
Case 5
A 22-year-old female (G0P0) presents to the emergency department with 6 hours of abdominal pain. The pain is currently in the right lower quadrant, associated with nausea and several episodes of vomiting. She has no dysuria, hematuria, vaginal bleeding or discharge. She is currently sexually active and is using no form of contraception. Her last menstrual period was 6 weeks ago and she is 2 weeks late. Onset of menarche was at age 10, age of first intercourse was 13 years, with no history of sexually transmitted diseases. Her urine pregnancy test is negative. Her medical history is significant for ovarian cysts. Her vital signs are blood pressure 108/75 mm Hg, pulse 120 beats per minute, respiratory rate 22 breaths per minute and temperature is 39°C (102.2°F). Her physical examination is significant for right lower quadrant tenderness guarding and rebound. Her pelvic examination reveals mild right adnexal tenderness with no adnexal enlargement, and no cervical motion tenderness. The remainder of her examination is normal. Pelvic ultrasound does not visualize presence of ovarian 
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cysts.
Figures 5A to C demonstrate her ultrasound and CT images.
Case 6
A 37-year-old female (G3 P3003) presents to the emergency department with a chief complaint of sharp right back, right lower quadrant and right pelvic pain. When she went to the bathroom she noticed blood in the toilet. She denies dysuria, fever or chills. She is currently sexually active, in a monogamous relationship and is using oral contraceptives pills only. Onset of menarche was at age 12, age of first intercourse was 24 years with no history of sexually transmitted diseases. She has had 3 normal spontaneous vaginal deliveries at ages 25 years, 27 years and 31 years. Her last menstrual period was 4 weeks ago and was normal.
Her urine pregnancy test is negative. Her vital signs are significant for mild tachycardia and are otherwise normal.
Her physical examination is significant for right costovertebral angle and right lower quadrant tenderness. The remainder of her examination including pelvic examination is normal. Figures 6A and B demonstrate her ultrasound and CT findings.
Case 7
A 22-year-old female (G3P0030) presents to your office with a 3-day history of suprapubic pain. She also complains of nausea without vomiting, dysuria and frequency, and denies any fever, chills, vaginal bleeding and vaginal discharge. She is currently sexually active and uses no contraception. Onset of menarche was at age 13 years, age of first intercourse was 15 years. Her last menstrual period was 4 weeks ago and was normal. Her medical history includes a history of Chlamydia at age 17; 3 dilations and curettages for elective abortions at ages 16, 17 and 20 respectfully. Her vital signs are normal and her physical examination is significant for suprapubic and uterine tenderness. Her urine pregnancy test is negative. Figures 7A and B reveal her ultrasound findings.
Case 8
A 39-year-old female (G4P4004) presents to your office with a 5-day history of sharp right flank, right upper and right lower quadrant pain. The pain started 5 days ago and has progressively worsened. She does state that, for the past 2 to 3 years, she occasionally would get 'shooting pains' in her epigastrium and right upper quadrant after meals but attributed it to 'gas'. She also complains of some nausea, but no vomiting. 
CASE DISCUSSION
Case 1: Pelvic Inflammatory Disease
Pelvic inflammatory disease refers to the infection of the upper female genital tract (uterus, fallopian tubes, oviducts and ovaries) caused by ascending spread of bacteria from the vagina or cervix. 17 Classically, the patient is a menstruating female who has had multiple sexual partners and does not use barrier contraception and complains of pelvic pain and/or lower abdominal pain with vaginal discharge. The patient in case 1 is a 20-year-old (G3 P1021) female who presents with fever, lower abdominal pain, with early onset of first coitus, and multiple sexual partners. Her physical examination reveals bilateral lower quadrant tenderness, with vaginal discharge, cervical motion tenderness and bilateral adnexal tenderness. In a patient with acute pelvic pain, early sonographic signs of salpingoophoritis include enlarged ovaries, hyperemia, swelling and tortuosity of the fallopian tubes, free fluid in the cul-desac, purulent exudate (originating from the tubal lumen and serosal surfaces of the tubes). 17 Uterine findings include mild-to-moderate uterine enlargement, increased endometrial thickness (>12 mm) and altered echogenicity of the endometrium. 17 Color Doppler demonstrates increased angiogenesis as seen in Figure 1C . 18 If untreated, patients may develop a tubo-ovarian abscess. A complex adnexal mass with thick septations and echogenic cysts is suggestive of a tubo-ovarian abscess. 18 The most common organisms associated with acute PID are Neisseria gonorrhoeae and Chlamydia trachomatis. 19 Antimicrobial treatment should be directed at the most prevalent organisms. In addition, the patient needs to be counselled regarding methods of preventing PID and sexuallty transmitted infections.
Case 2: Adnexal Torsion
Adnexal torsion refers to torsion of the ovaries, the fallopian tubes or both. 20 Clinically, the patient presents with sudden onset of unilateral abdominal and/or pelvic pain. Other nonspecific symptoms include nausea, vomiting and, in some patients, fever. 21 The primary pathology invariably involves an enlarged ovary. This enlarged ovary alters the position of the fallopian tube setting up the scenario for torsion. Torsions lead to strangulation compromising blood flow, initially venous, then arterial blood flow, ultimately leading to ischemia and necrosis. 20 With early diagnosis, the prognosis is excellent. Delay in diagnosis may affect fertility in certain populations. The patient in case 2 is a 38-yearold (G0P0) female who presents with a 1 day history of sharp right lower quadrant pain. She is undergoing treatment for infertility and has taken oral contraceptives and leuprolide. Physical examination reveals right lower quadrant and right adnexal tenderness. Her pregnancy test is negative. At this point appendicitis and ovarian torsion are the leading differential diagnosis. As stated in the introduction, ultrasound has the advantage of having high specificity for detection of pelvic pathology thus initially 
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avoiding radiation. Ultrasound may also be used to view the appendix. If no pathology is detected one can then order a CT scan of the abdomen and pelvis. Her ultrasound reveals a unilocular sonolucent cystic structure with no evidence of ovarian blood flow signals (Fig. 2B) . In most cases of adnexal torsion a pelvic mass is detected. 22 Other findings include reduced and/or absent blood flow. If there is a high suspicion of adnexal torsion, urgent laparoscopic intervention is indicated.
23,24
Case 3: Rupture of an Ovarian Cyst
Any collection of fluid surrounded by a thin wall within the ovary exceeding 2.5 to 3 cm in mean diameter is termed an ovarian cyst. Ovarian cysts are extremely prevalent. 25 The majority of ovarian cysts are benign. 25 Rupture of an ovarian cyst commonly presents as sudden onset of lower abdominal and/or pelvic pain. This presentation may be similar to an ovarian torsion and/or a hemorrhagic cyst. In addition, due to peritoneal irritation, patients may present with nausea and/or vomiting. The patient in case 3 is a 30-year-old female (G1 P1001) who presents to the emergency department with sudden onset of right lower quadrant pain. Her physical examination reveals right lower quadrant tenderness, guarding and rebound. Her pelvic examination is significant for right adnexal tenderness. As with adnexal torsion, the initial imaging modality is ultrasound. Her pelvic ultrasound detected a cystic structure with irregular borders. Other ultrasonographic findings include free peritoneal fluid. 25 Ruptured ovarian cysts are usually managed expectantly with analgesia and observation.
25
Case 4: Hemorrhagic Ovarian Cyst
A hemorrhagic ovarian cyst is a cyst that is filled with blood, which usually occurs when a blood vessel breaks into the cyst. Pain from a hemorrhagic cyst is probably due to stretching of the ovarian capsule, as opposed to pain from ovarian cyst rupture which is due to peritoneal irritation. 25 Similar to ovarian torsion and ruptured ovarian cysts, patients with a hemorrhagic cyst also present with unilateral lower abdominal and/or pelvic pain associated with nausea, vomiting and/or vaginal bleeding. The patient in case 4 is a 32-year-old female (G0P0) with a 1-week history of dull right sided abdominal and pelvic pain. She has no other complaints. Her examination is significant for right costovertebral angle tenderness and right lower quadrant and suprapubic pain. Her pelvic examination is significant for blood and right adnexal tenderness. Again, the differential diagnosis is varied. As with both adnexal torsion and ruptured ovarian cyst, ultrasound is the initial imaging investigation of choice: Low cost, easy accessibility and no radiation exposure. 25 Because hemorrhagic cysts evolve in different stages, fresh blood on the ultrasound initially appears anechoic, later transforming to a blood clot (echogenic content with thin septations) and finally resolving. 25, 26 The echogenicity of the hemorrhagic cyst diminishes as the red blood cell undergoes hemolysis. 26 The typical appearance on ultrasound is that of an enlarged ovary containing multiple echogenic areas (representing blood clots) in a reticular pattern due to clot (representing fibrin strands, not tissue septations) retraction. 25 Her ultrasound revealed a complex ovarian lesion with numerous thin septations. Color Doppler reveals peripheral vascularity (Fig. 4) . Pulsed Doppler waveform analysis demonstrates low to moderate impedance to blood flow signals, typical for luteal conversion. A hemorrhagic cyst also has the potential to rupture. As with a uncomplicated simple ovarian and ruptured cyst, the treatment is expectant with an ultrasound follow-up in 6 weeks. 26 Occasionally, patients present with sudden pain and profuse intraabdominal bleeding, requiring laparoscopic surgery.
Case 5: Acute Appendicitis
Appendicitis occurs when there is a progressive increase in intraluminal pressure that occurs when the appendix is blocked (i.e. fecalith), which leads to a compromise in venous outflow, ischemic injury, stasis of luminal contents which progresses to inflammation, infection, necrosis and finally perforation. Classically, appendicitis begins with nonspecific periumbilical pain which over the course of the next 24 hours localizes to the right lower quadrant. In addition, the pain may radiate to the right flank and right pelvic area. The patient may also present with nausea, vomiting, fever and a decreased appetite. The symptoms are very similar to the cases described above and listed in the differential diagnosis. Unfortunately, the current role of ultrasound for the diagnosis of appendicitis is limited in the United States. 27 CT is currently the diagnostic investigation of choice. 27 Ultrasound offers widespread availability, low cost and absence of ionizing radiation. 27 In addition, it is the initial imaging modality for almost all pelvic pathologies. The patient in case 6 is a 22-year-old female (G0P0) who presents to the emergency department with 6 hours of abdominal pain. The pain is currently in the right lower quadrant associated with nausea and several episodes of vomiting. Her medical history is significant for ovarian cysts. One can order a CT scan of the abdomen and pelvis and not be faulted, but would be exposing a patient to radiation. An alternative is to order an ultrasound, view the appendix and look for other causes of pelvic pain. The results of her ultrasound revealed a tubular noncompressible structure measuring 9 mm suggestive of appendicitis, which was confirmed by CT imaging (Figs 5A to C). The current standard of care for appendicitis is an appendectomy.
Case 6: Ureterolithiasis
Nephrolithiasis refers to stones in the kidneys. Ureteral calculi or ureterolithiasis refers to stones in the ureters. Almost all ureteral calculi originate in the kidneys. The classic presentation is flank pain, hematuria, nausea and vomiting. In addition, the pain may radiate to the lower quadrant and pelvic area. This is a common clinical presentation to emergency departments. 28 Current standard of care is nonenhanced CT scan of the abdomen and pelvis. There has been increasing concern regarding the exposure to radiation. Recently there have been studies to show the efficacy of ultrasound for detection of calculi and secondary signs of hydronephrosis. 28 In addition, as mentioned earlier, ultrasound has the advantage of detecting other pelvic pathologies. The patient in case 6 is a 37-year-old female (G3 P3003) with a chief complaint of sharp right back, right lower quadrant and right pelvic pain. Her physical examination is significant for right costovertebral angle and right lower quadrant tenderness. An ultrasound was ordered and her results revealed a 1 cm stone in the renal pelvis, causing dilatation of the pelvicalyceal system (Fig. 6A) . Sonographic finding was confirmed by CT imaging (Fig. 6B ). Treatment depends on the patients' clinical presentation and stone size. Most uncomplicated small ureteral stones (less than 5 mm) with mild hydronephrosis are managed with observation and analgesia. Generally, stones greater than 5 mm will require consultation with urologist. Figs 7A and B) . Antimicrobial treatment is directed to the most prevalent microorganisms.
Case 8: Cholelithiasis
It is estimated that cholelithiasis and/or gallstones affect 10 to 12% of the adult population in developing countries. 31 Gallstones may be present for years without causing any pain. Classically, the patient presents with spasmodic or 'colicky' pain that begins in the epigastrium or right upper quadrant after a fatty meal. If the patient has fever, chills and right upper quadrant tenderness the patient may have acute cholecystis. In either case, the pain may radiate to the flanks or right lower quadrant. The patient in case 8 is a 39-year-old female (G4 P4004) who presents with a 5-day history of sharp right flank, right upper and right lower quadrant pain. For the past 2 to 3 years, after meals, she occasionally experiences 'shooting pains' in her epigastrium and right upper quadrant. Her physical examination is significant for right costovertebral angle tenderness, right upper quadrant tenderness and right lower quadrant tenderness. Her history suggests that the pain originates from the gallbladder, but her physical examination requires the clinician to expand the differential diagnosis. Ultrasound is the initial diagnostic imaging modality for the detection of gallbladder and/or biliary tract disease. As illustrated in the previous cases, it is relatively inexpensive, easily accessible and does not involve any radiation. In addition, if one does not diagnose any gallbladder pathology; one has the capability of viewing other organ systems. Gallstones appear as echogenic foci that cast an acoustic shadow. The features of acute cholecystitis on an ultrasound include a sonographic Murphy sign, visualization of gallbladder wall thickening, pericholecystic fluid and gallbladder distension. Her ultrasound revealed gallstones layered along the wall of gallbladder (Fig. 8) . Treatment is dependent on the patient's clinical presentation and duration of the disease.
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Asymptomatic gallstones may be managed expectantly, but once frequent and severe episodes of pain occur, surgical consultation is indicated for a possible cholecystectomy.
